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[57] ABSTRACT 
Certain 3-oxoandrost-4-ene and 3-oxoandrosta--1,4 
diene 17 beta-thioearboxylic acid esters are useful as 
antiin?ammatory steroids. These compounds are op 
tionally substituted at the 6 alpha-position with ?uoro, 
or chloro; optionally substituted at the 9 alpha position 
with ?uoro, chloro or bromoj substituted at the 11 posi 
tion with a keto, a beta-hydroity on a beta-chloro (the 
latter only when there is a 9 alpha-chloro); substituted 
at 16 alpha, 17 alpha-positions with isopropylidene 
dioxy; and substituted at 16 ‘alpha (or 16 beta) with 
methyl or hydrogen when there is a 17 alpha-hydroxy _ 
(or an ester). 

41 Claims, No Drawings 
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THIOETIANIC ACID DERIVATIVES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to novel derivatives of alkyl, 

phenyl or benzyl 3-oxoandrost-4-ene-l7 beta-thiocar 
boxylates and the corresponding androsta-1,4-dienes. 
More speci?cally, it relates to 16 alpha, 17 alpha-aceto 
nides and 17 alpha-hydroxy-l6-methyl compounds 
which are optionally substituted at the 6 alpha-position 
with ?uoro or chloro and at the 9 alpha-position with 
?uoro, chloro or bromo, and are substituted at‘ the 11-' 
position with betahydroxy, beta-chloro (when there is a‘ 
9 alpha-chloro) or a keto. The 17 beta-thiocarboxylates 
are active anti-in?ammatory agents in mammals. The 
invention further relates to pharmaceutically active 
compositions comprising a selected 17 beta-thiocar 
boxylate of theinvention in combination with pharma 
ceutically acceptable excipient. This invention even 
further relates to a process for the preparation of these 
novel compounds. 

2. Prior Art 
Certain 3-oxoandrost-4-ene 17 beta-carboxylic acids 

which are substituted at the 9 position with chlorine or 
?uorine and at the 11 position with keto or hydroxy or 
chloro group are known. See for example U.S. Pat. Nos. 
3,828,080 and 3,981,894 both assigned to Glaxo. It is 
also known that 3-oxoandrost-4-ene l7 beta-carboxylic 
acids may be substituted at both the 9 alpha and 6 alpha 
positions with ?uoros. See for example U.S. Pat. No. 
3,636,010. I 

It is also known from U.S. Pat. No. 3,989,686 to Phil 
lips et al of Glaxo that steroids of formula (II) 

cosns (11) 

wherein 
R1 is H or CH3; 
R2 is H or CH3; 
R3 is H or, when R2 is H, C1.6 alkoxy, C1.5 alkyl, 

thiocyanato or halogen; ' 

R4 is H or CH3; - 
R5 is C1.6 alkyl optionally' substituted by halo or 

NR6R7, where R6 and R7 are the same or different C14 
alkyl or R6 and R7 together with N are morpholino, 
thiamorpholine or morpholino substituted with C1.6 
alkyl; and 

the dotted line in the “A” ring represents an optional 
double bond at these positions. These compounds are 
useful as anesthetics. 
Methyl 3 beta-acetoxyallothiolcholonate andmethyl 

3 beta-acetoxy-etiothiochol-S-enate are also known. 
See, e.g., Jerger et al, Helv. Chem. Acta. 29, 684-92 
(1947). 
A heretofore unknown series of 3-oxoandrost-4-ene 

17 beta-thiocarboxylates and derivatives thereof has 
been discovered and is disclosed herein. The 17 beta-thi 
ocarboxylates exhibit topical anti-in?ammatory activity 
and few adverse side effects. 
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2 
SUMMARY OF THE INVENTION 

One aspect of this invention is a compound chosen 
from those represented by the formula (I) 

(I) 

wherein 
X1 is hydrogen, ?uoro, or chloro; 
X2 is hydrogen, ?uoro, chloro or bromo; 
X2 is $0 01' 

on ' Cl 

I / 
or may also be =Q 

~\ 
H 

when X2 is chloro; 
R is alkyl of 1 through 6 carbon atoms, or phenyl or 

benzyl optionally substituted with a substituent which is 
alkyl of 1 through 4 carbon atoms, alkoxy of l throug 
4 carbon atoms or halo; - ' 

R1 is hydrogen or alkanoyl of 2 through6 carbon 
atoms when R2 is hydrogen, alpha-methyl or beta 
methyl or . 

OR1 and R2 together are 16 alpha, 17 alpha-iso 
propylidenedioxy; and 

the bond between 01 and C-2 is a double or single 
bond. ' 

Another aspect of this invention is an anti-inflamma 
tory pharmaceutical composition which comprises a 
suitable pharmaceutical excipient in combination with 
an effective amount of a suitable compound chosen 
from those represented by Formula (1), above, wherein 
each of the substituents are as de?ned. Particularly 
valuable compounds in this composition are set forth 
hereafter. ,. 

Still another aspect of this invention is a method for 
treating an in?amed condition in mammals which com 
prises treating the af?icted mammal with an effective 
amount of a suitable compound chosen from those rep 
resented by formula (I), above, wherein substituents are 
as de?ned above. 

Still another aspect of this invention is a process for 
preparing a compound of this invention which process 
comprises treating a corresponding reactive derivative 
of a 17 beta-carboxylic acid with an alkali metal salt of 
an appropriate alkyl, phenyl or benzyl sul?de (RSH). 

' DETAILED DESCRIPTION AND PREFERRED 
EMBODIMENTS 

Compounds 
In its broadest aspect, this invention is a compound 

chosen from those represented by formula (I) wherein 
X1 is hydrogen, ?uoro or chloro; 
X2 is hydrogen, ?uoro, chloro or bromo; 
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OH Cl 

=C, or may also be =C 
\ x 
x s. 
H H 

when X2 is chloro; 
R is alkyl of 1 through 6 carbon atom, or is phenyl or 

benzyl optionally substituted with alkyl of 1 through 4 
carbon atoms, alkoxy of 1 through 4 carbon atoms or 
halo; 

R1 is hydrogen or alkanoyl of 2 through 6 carbon 
atoms when R2 is hydrogen, alpha-methyl or beta 
methyl or 
OR1 and R2 together are 16 alpha, 17 alpha-iso 

propylidenedioxy; and 
the bond between 01 and O2 is a double or single 

bond. 
One subgroup of the broad aspect of this invention 

includes the compounds represented by formula (I) 
wherein R is alkyl of 1-6 carbon atoms, benzyl or 
phenyl (preferably methyl or ethyl); OR1 and R2 to 
gether are 16 alpha, 17 alpha-isopropylidencdioxy; X1 is 
fluoro; X2 is hydrogen, fluoro or chloro; and X3 is 

OH Cl 
/ 

=Q or may also be =C_ 
\\ s‘ 

H‘ H 

when X2 is chloro. Of this subgroup the compounds 
wherein R is methyl and X2 is ?uoro or chloro are 
preferred. 
Another subgroup of the broad aspect of the inven 

tion comprises those compounds represented by the 
formula (I) wherein R2 is alpha-methyl. 

Still another subgroup are those wherein R2 is alpha 
methyl, R1 is alkanoyl of 2-6 carbon atoms; R is alkyl of 
1-6 carbon atoms, benzyl or phenyl; X1 is ?uoro or 
hydrogen (especially the former) X2 is hydrogen, ?uoro 
or chloro; and X3 is 

OH Cl 

s or may also be =C~ 
\ 

when X2 is chloro. Of this subgroup, those compounds 
of formula (I) wherein R is alkyl of 1-2 carbon atoms are 
preferred, and those particularly preferred, are those 
wherein R is methyl; X2 is fluoro or chloro; and X3 is 

OH Cl 

=C or may also be =C_ 
\\ \\ 
H H 

when X2 is chloro. The most preferred compounds of 
this subgroup are those wherein R is methyl, X1 and X2 
are fluoro and X3 is 

and those wherein R is methyl, X1 is fluoro, X2 is chloro 
and X2 is 
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In de?ning the compounds of this invention the term 
“alkyl” includes both straight chain and branched alkyl 
groups, thus “alkyl” of l-6 carbons include methyl, 
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, t-butyl, 
pentyl, isoamyl, n-hexyl and the like. The phenyl and 
benzyl substituents may be substituted on the phenyl 
ring at the 2, 3 or 4-positions with one substituent such 
as alkoxy (e.g. methoxy, ethoxy, n-propoxy, t-butoxy 
and the like), alkyl of l-4 carbons (e.g. methyl, ethyl, 
isopropyl, n-propyl, t-butyl, n-butyl, etc.), or a halo 
such as fluoro, chloro, bromo or iodo. Preferably the 
substitution is at the 2 or 4 positions. 
The term “alkanoyl” refers to a radical of the formula 

wherein R4 is alkyl of 1-5 carbon atoms and includes, 
e.g., acetyl, propionyl, butyryl, valeryl, caproyl and the 
like. 

In naming the compounds of this invention the sub 
stituents present on the androstane ring shall be in 
cluded alphabetically and the compounds shall be alkyl 
(or phenyl or benzyl) l7 beta-carboxylates. For exam 
ple, if in formula (1), above, X1 is ?uoro, X2 is chloro, 
X3 is 

R is methyl, R1 is acetoxy and R2 is alpha-methyl the 
name is methyl 17 alpha-acetoxy-9 alpha, 11 beta 
dichloro-6 alpha-?uoro-l6 alpha-methyl-3-oxoandros 
ta-1,4-diene-17 beta-thiocarboxylate. If on the other 
hand, R is hydrogen but X1, X2, X3, X4, R1 and R2 are 
the same, the compound is named 17 alphaacetoxy-9 
alpha, 11 beta-dich1oro-6 alpha-fluoro-16 alphamethyl 
3-oxoandrosta-l,4-diene 17 beta-thiocarboxylic acid. 

Compound Preparation 
The compounds of the invention may be prepared by 

any convenient method, and in most cases, they can be 
prepared by conventional techniques. They may, for 
example, be prepared by reacting a reactive derivatives 
of an appropriate androsta-l,4-diene 17 beta-carboxylic 
acid (or the corresponding 4-ene), with an excess (e.g. 
about 1.1 to 5 molar equivalents based on the steroid) of 
alkali metal salt of a compound of the formula RSH 
where R is alkyl, benzyl or phenyl as de?ned hereinbe 
fore. Representative alkali metal salts include, e.g., so 
dium methyl sul?de, sodium ethyl sul?de, sodium ben 
zyl sul?de, sodium phenyl sul?de, potassium methyl 
sul?de, and the like. The alkali metal salt can be reacted 
directly with the reactive derivative of the 17 beta-car 
boxylic acid, or the salt can be formed in situ by mixing 
an alkali metal hydride, such as sodium hydride or po 
tassium hydride, with an alkyl, phenyl or benzyl sul?de. 
The thioesteri?cation reaction readily takes place at 
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temperatures of about 10° to 100° C. (preferably at am 
bient temperatures of about 20°—25° C.) in a suitable 
inert solvent such as dimethylformamide, diethylforma 
mide, dimethylacetamide, and the like. The reactive 
derivative of the 17 beta-carboxylic acid may be an acid 
chloride, but is preferably a mixed anhydride, such as 
the dialkyl phosphate ester prepared by reacting a dial 
kyl (l-4 carbons) chlorophosphate (e.g. diethyl chloro 
phosphate) with the‘appropriate l7 beta-carboxylic acid 
in an inert solvent such as tetrahydrofuran (THF) under 
an inert atmosphere (nitrogen). 
The 17 beta-carboxylic acid starting materials are 

prepared by’ eliminating the 21 carbon atom from a 
suitable 21-hydroxy-3,20-dioxopregn-4-ene or pregna 
l,4-diene. This is readily accomplished by any means 
known in the art such as using sodium hypobromite as 
taught in US. Pat. No. 2,769,822 or using sodium perio 
date. Preferably, however, the elimination of the 21 
carbon atom is carried out by using an alkali metal 
carbonate in alcohol and the presence of oxygen as 
described in PA-880, ?led even date herewith. In the 
latter case the reaction is carried out at room tempera 
ture and atmospheric pressure while the source of oxy 
gen is preferably air. Generally the reaction will be 
completed within less than 24 hours with a constant 
stream of air being bubbled into a stirred reaction mix 
ture. 

Suitable 21-hydroxy-3,20-dioxopregn-4-enes or 
-pregna-l,4-dienes include known compounds such as 
corticosterone, hydrocortisone, prednisolone, betame 
thasone, dexamethasone, triamcinolone, parametha 
sone, ?uocinolone, triamcinolone acetonide, ?uocino 
lone acetonide, and the like. By following procedures 
generally known in the art steroids of a relatively simple 
structure can be converted to other structures as de 
sired. 
For example, the 6-?uoro starting steroids can be 

prepared from known steroids such as 17 alpha-hydrox 
yprogesterone or hydrocortisone. The 6-?uoro group 
can be introduced by treating a 3-methoxy-pregna-3,5 

_,¢diene (prepared by reacting a 3-keto-pregn-4-ene with 
triethyl orthoformate in methanol) with perchloryl 
?uoride in acetone-water 9:1. 
Other 6-?uoro starting steroids employed in the pres 

ent process to prepare the novel 17 beta-thiocarboxylic 
acid derivatives of this invention are described in the 
literature and in United States and foreign patents. For 
example, see US. Pat. Nos. 2,983,737, 2,983,739, 
3,053,838, 3,057,858, 3,124,25l,'3,l26,375, 3,201,391 and 
3,248,389. 
The 9 alpha-fluoro, chloro or bromo group is intro 

duced by treating a 9 beta, 11 beta-oxido steroid with 
hydrogen ?uoride, hydrogen chloride or hydrogen 
bromide respectively in an inert, nonaqueous, prefera 
bly anhydrous, solvent or mixture of such solvents. For 
example, see US. Pat. No. 3,211,758 to Tarkoey 
wherein a hydrogen ?uoride/urea complex is em 
ployed. The 9 beta, 11 beta-oxido steroid is prepared 
from the corresponding pregna-4,9(l l) -diene (which is 
prepared by treating the corresponding 11 beta 
hydroxy steroid with methane sulfonyl chloride in 
diemthylformamide in the presence of pyridine and a 
catalytic amount of sulfur trioxide). by treating the preg 
na-4,9(ll)-diene with N-bromoacetamide and perchlo 
ric acid in dioxane or tetrahydrofuran, and then re?ux 
ing the resulting 9-brromo-l l-hydroxy steroid with po 
tassium acetate in acetone. The 9 alpha, 11 beta 
dichloro groups are introduced by treating the corre 
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sponding pregna-4,9(l l)-diene with chlorine gas in 
chloroform. 
A 16-methyl group is introduced by treating the cor 

responding 20-keto-pregn-l6-ene with methyl magne 
sium bromide in the presence of cuprous chloride in an 
ether such as tetrahydrofuran. The 20-keto-pregn 
l6-ene is prepared by preparing the 3,20-bis-semicarba 
zone of a 3,20-diketo-l7 alpha-hydroxy steroid, treating 
the semicarbazone with glacial acetic acid and acetic 
anhydride and then allowing the resulting product to 
react with aqueous pyruvic acid. 
The 17 alpha-hydroxy group is introduced in con 

junction with the 16 beta-methyl group by ?rst treating 
the corresponding l6-methyl-pregn-l6-ene (which is 
prepared by treating the corresponding pregn-l6-ene 
with diazomethane and then heating the resulting prod 
uct to 180° C.) with hydrogen peroxide, in an aqueous 
basic media, then permitting the resulting 16,17-oxido 
l6-methyl steroid to react with hydrogen bromide in 
glacial acetic acid. The resulting 16,17-bromohydrin is 
hydrogenated with the use of a palladium catalyst to 
afford the corresponding 16 betamethyl-l7 alpha 
hydroxy derivative. ' 
The 17 alpha-hydroxy group is introduced in con 

junction with the 16 alpha-methyl by methods known in 
the art, such as the method described by Edwards et al 
in the Journal of the American Chemical Society 82, 
2318-22, 1960. In this process an appropriate 21-sub 
stituted l6 alpha-methylpregna-l,4-diene-3,2-dione is 
converted to 20-enol acetate by re?uxing with acetic 
anhydride and freshly distilled acetyl chloride. The 
ZO-enolacetate is recovered and reacted with mono 
perphthalic acid in ether and benzene to form the 17,20 
epoxide which in turn is treated with methanol and 
aqueous potassium hydroxide to give the 16 alpha 
methyl-l7 alpha-hydroxy steroid which is isolated by 
means known in the art. 

Administration and Formulation 

The compounds of this invention are useful for the 
relief of in?amed conditions in mammals, and more 
speci?cally are useful for relieving in?ammatory mani 
festations of corticosteroid responsive derrnatoses. Ini 
tial approximation of anti-in?ammatory activity is done 
by the following procedure of McKenzie, S. W. and 
Stoughton, R. B., “Method for, Comparing Percutane 
ous Absorption of Steroids” Arch Dermat, 86, 608 
(1962) or modi?cations thereof. ' 

Generally, the in?ammatory manifestation in mam 
mals, particularly humans, is combatted by treating the 
af?icted mammal with a therapeutically effective 
amount of the novel steroids of this invention, that is an 
amount which results in improvement of the in?amed 
conditions. Preferably the steroids are ?rst formulated 
to prepare a suitable pharmaceutical formulation, as 
discussed hereinafter, which is then placed in contact 
with the af?icted area. An effective amount will depend 
upon the particular condition and the animal receiving 
the treatment but will vary between 0.001% to 10% by 
weight of the pharmaceutical composition and prefera 
bly will be between 0.02 and 1% by weight of the for 
mulation. Using these levels in the formulation, a thera 
peutically effective and non-side effect producing 
amount, i.e. enough to effect an anti-in?ammatory re 
sponse, but not enough to adversely effect the recipient, 
is applied to the in?amed area. 
The compounds of this invention not only have anti 

in?ammatory activity but also exhibit a low level of 
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systemic activity, as measured by recognized laboratory 
assays. This allows for the application of an effective 
amount of the anti-in?ammatory compounds with little 
adverse effect on the rest of the animal’s system. 
The novel steroids of this invention may be formu 

lated with suitable pharmaceutical excipients known in 
the art to form particularly effective anti-in?ammatory 
compositions which may be administered orally, na 
sally, rectally or, preferably, topically. Generally an 
effective amount of the steroid is about 0.001%w to 
about 10%w of the total formulated composition. The 
rest of the formulated composition will be about 90%w 
to about 99.999%w of suitable excipients which may 
include a pharmaceutically acceptable solvent and 
other pharmaceutically acceptable additives to form an 
effective pharmaceutical formulation. 
A pharmaceutically acceptable solvent is one which 

is substantially non-toxic and non-irritating under the 
conditions used and may be readily formulated into any 
of the classical drug formulations such as powders, 
creams, ointments, lotions, gels, foams, suppositories, 
aerosols, solutions or the like. Particularly suitable sol 
vents include water, glycerine, propylene carbonate, 
and a glycol such as 1,2-propylene diol (i.e. propylene 
glycol), l,3~propylene diol, polyethylene glycol having 
a molecular weight of from 100 to 10,000, dipropylene 
glycol, etc.; and mixtures of the aforementioned with 
each other. 
A topical cream may be prepared as a semi-solid 

emulsion of oil in water or water in oil. A cream base 
formulation by de?nition is an emulsion which is a two 
phase system with one liquid (for example fats or oils) 
being dispersed as small globules in another substance 
(e.g., a glycol~water solvent phase) which may be em 
ployed ~as the primary solvent for the novel steroids 
therein, the cream formulation may contain fatty alco 
hols, surfactants, mineral oil or petrolatum and other 
typical pharmaceutical adjuvants such as anti-oxidants, 
antiseptics, or compatible adjuvants. A typical cream 
base formulation is given in the following table: 

Water/glycol mixture 
(15% or more glycol) 

Fatty alcohol 

50-99 parts by weight 

l-20 
Non-ionic Surfactant 0-10 
Mineral oil 0-10 
Typical pharmaceutical 0-5 
adjuvants 

Active Ingredients 0001-10 

The fatty alcohol, non-ionic surfactant, and other 
adjuvants are discussed in U.S. Pat. No. 3,934,013 to 
Poulsen which is incorporated herein by reference. 
The novel steroids of this invention may also be for 

mulated as ointments. A “classical” ointment is a semi 
solid anhydrous composition which may contain min 
eral oil, white petrolatum, a suitable solvent such as a 
glycol and may include propylene carbonate and other 
pharmaceutically suitable additives such as surfactants, 
for example Span and Tween, or wool fat (lanolin), 
along with stabilizers such as antioxidants and other 
ad juvants as mentioned before. Following is an example 
of a typical “classical” ointment base: 

White petrolatum 40-94 parts by weight 
Mineral Oil 5-20 
Glycol solvent l-l5 
Surfactant 0~l0 
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-continued 
Stabilizer 0— 10 
Active Ingredients 0.00 l — l0.0 

Other suitable ointment base formulations which 
employ propylene carbonate are described in U.S. Pat. 
No. 4,017,615 issued Apr. 12, 1977 by Shastri et al enti 
tled “Propylene Carbonate Ointment Vehicle” and U.S. 
Pat. No. 3,924,004 issued Dec. 2, 1975 by Chang et al 
entitled “Fatty Alcohol-Propylene Carbonate-Glycol 
Solvent Cream Vehicle”. As much of those applications 
as is pertinent is incorporated herein by reference. Fol 
lowing is a typical ointment base formulation containing 
propylene carbonate: 

Active Ingredients 0.001-l0.0 parts by weight 
Propylene Carbonate l-lO 
Solvent l~ l 0 
Surfactant l- 10 
White Petrolatum 70-97 

surfactants, stabilizers, etc. are discussed in U.S. Pat. 
No. 3,934,013 and such discussion is incorporated 
herein by reference. 
A suitable “non-classical” anhydrous, water wash 

able “ointment type” base is described in U.S. Pat. No. 
3,952,930 to Katz and Neiman, and that patent is incor 
porated herein by reference. A representative composi 
tion of this invention utilizing such a base is as follows: 

Glycol solvent 50-35 parts by weight 
Fatty alcohol 15-45 
Compatible plasticizer 0-15 
Compatible coupling 
Agent 0-15 

Penetrant 0-20 
Active Ingredients 0.00l—10.0 

Preparation 1 
A process is set forth for preparing 16 alpha-methyl 

3-oxoandrosta-l,4-diene l7 beta-carboxylic acids substi 
tuted at the 9 alpha-position with hydrogen, fluoro, 
chloro or bromo; at the 6 alpha-position with hydrogen, 
fluoro or chloro; and at the 11 beta-position with hy 
droxy or chloro when 9 alphais chloro substituted. 

A. Preparation of 6 alpha,9 alpha~difluoro~1l beta, 17 
alpha'dihydroxy- 16 alpha-methyl-3-oxoandrosta- l ,4 
diene l7 beta—carboxylic acid. 

Thirty-?ve grams of ?umethasone is mixed with 550 
ml of methanol and 35 g of anhydrous potassium car 
bonate and stirred at room temperature and atmo~ 
spheric pressure while a current of air is slowly bubbled 
through the solution for 22 hours. Methanol is added at 
intervals to maintain a constant volume. The reaction 
mixture is diluted with water to 1.5 l, then concentrated 
hydrochloric acid is added slowly to the mixture under 
magnetic stirring until a ?nal pH of 2 is obtained. Meth 
anol is eliminated under reduced pressure, and the re 
sulting crystalline precipitate is collected by ?ltration, 
washed with water, and air dried to give 6 alpha,9 al 
pha-di?uoro-ll beta,l7 alpha-dihydroxy-l6 alpha 
methyl-3-oxoandrosta-1,4-diene-l7 beta-carboxylic 
acid, melting point (m.p.) 289.5°—290° C. 

B. By following the procedure set forth in part A of 
this example but substituting other appropriate starting 
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materials the following compounds of this invention can 
be prepared: . 

9 alpha, ll beta~dichloro-6 alpha-?uoro-l7 alpha 
hydroxy-l6 alpha-methyl-3-oxoandrosta-1,4-diene l7 
beta-carboxylic acid; 

9 alpha-chloro-6 alpha-?uoro-ll beta,l7 alpha-dihy 
droxy-l6 alpha-methyl-3-oxo-androsta-1,4-diene l7 
beta-carboxylic acid; 

9 alpha-bromo-6 alpha-fluoro-ll beta,l7 alpha-dihy 
droxy-l6 alpha-methyl-S-oxo-androsta-1,4-diene 17 
beta-carboxylic acid; 

9 alpha, ll beta-dichloro-17 alpha-dihydroxy-l6 alpha 
methyl-3-oxo-androsta-1,4-diene 17 beta-carboxylic 
acid; 

11 beta,l7 alpha-dihydroxy-l6 alpha-methyl-3-oxo 
androsta-l,4-diene i7 beta-carboxylic acid; 

9 alpha-chloro-ll beta,l7 alpha-dihydroxy-l6 alpha 
methyl-3-oxo-androsta-1,4-diene 17 beta-carboxylic 
acid; 

9 alpha-bromo-ll beta,l7 alpha-dihydroxy-16 alpha 
methyl-3-oxo-androsta-l,4-diene 17 beta-carboxylic 
acid; 

9 alpha—fluoro-ll beta,l7 alpha-dihydroxy-l6 alpha 
methyl-3-oxo-androsta-1,4-diene l7 beta-carboxylic 
acid; ‘ 

6 alpha-?uoro-ll beta,l7 alpha-dihydroxy-l6 alpha 
methyl-3-oxo-androsta-1,4-diene 17 beta-carboxylic 
acid; ~ 

6 alpha,9 alpha-dichloro-ll beta,l7 alpha-dihydroxy-l6 
alpha-methyl-3-oxoandrosta~1,4-diene l7 beta-car 
boxylic acid; 

6 alpha-chloro,9 alpha-fluoro-ll beta,l7 alpha-dihy 
droxy-l6 alpha-methyl-3-oxo-androsta-1,4-diene l7 
beta-carboxylic acid; 

9 alpha-bromo-6 alpha-chloro-ll beta,l7 alpha-dihy 
droxy-l6 alpha-methyl-3-oxo-androsta-l,4~diene 17 
beta-carboxylic acid; 

6 alpha-chloro-ll beta,l7 alpha-dihydroxy-l6 alpha 
met'hyl-3-oxoandrosta-1,4-diene 17 beta-carboxylic 
acid; and . 

6 alpha,9 alpha-dichloro-ll beta,l7 alpha-dihydroxy-16 
alpha-methyl-3-oxo-androsta-1,4-diene 17 beta-car 
boxylic acid. 
C. By following in principle the process of Part A but 

substituting other appropriate starting materials having 
a 17 beta-methyl group or being unsubstituted at 17 (e. g. 
beta-methasone or hydrocortisone), other 17 beta 
methyl or l7-unsubstituted starting materials are pre 
pared. 
D. Ten g of a compound prepared according to Parts 

A-C of this preparation is dissolved in 100 ml methanol. 
Fifty ml of anhydrous pyridine and 25 ml of propionic 
anhydride are added and the resulting mixture stirred 
until TLC shows the reaction is complete. The solution 
is cooled in an ice-water bath and slowly diluted with 
water up to 2 l. The resulting crystalline precipitate is 
collected by ?ltration and air dried to give the 17 alpha 
propionate. Other alkanoates are obtained by substitut 
ing other anhydrides for propionic anhydride. 

Preparation 2 
A process is set forth for preparing l6 alpha, l7 alpha 

isopropylidenedioxy-3-oxoandrosta-1,4-diene 17 beta 
carboxylic acid substituted at 9 alpha with hydrogen, 
fluoro, chloro or bromo; at 6 alpha with hydrogen, 
?uoro or chloro; and at 11 beta with hydroxy or chloro 
when there is a 9 alpha-chloro. 
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A. By following in principle the process of Prepara 

tion 1, Part A but substituting ?uocinolone acetonide 
for ?umethasone, one obtains 6 alpha,9 alpha-difluoro 
ll beta-hydroxy-l6 alpha,l7 alpha-isopropylidene 
dioxy-3-oxoandrosta-1,4-diene l7 beta-carboxylic acid, 
m.p. 297°-300° C. (with decomposition). - 

B. By following in principle the process of Part A of 
this preparation but substituting other 16 alpha,l7 al 
pha-isopropylidenedioxypregna-1,4-diene-3,20-diones 
for ?uocinolone acetonide, other 17 beta-carboxylic 
acids are obtained, for example ' ' 

9 alpha,ll beta-dichloro-6 alpha-?uoro-l6 alpha,l7 al 
pha-isopropylidenedioxy-3-oxoandrosta-1,4-diene 17 
beta-carboxylic acid; 

9 alpha-chloro-6 alpha-?uoro-ll beta-hydroxy-l6 al 
pha, l7 alpha-isopropylidenedioxy-3-oxoandrosta-1,4 
diene 17 beta-carboxylic acid; . 

6 alpha,9 alpha,ll beta-trichloro-l6 alpha,l7 alpha-iso 
propylidenedioxy-3-oxoandrosta-1,4-diene 17 beta 
carboxylic acid; and the like. _ 
Speci?c embodiments of the process of this invention 

are found in the following Examples which are given by 
way of illustration only and are not to be interpreted as 
limiting the scope of the claims appended hereto. 

EXAMPLE 1 

A process is set forth for preparing alkyl, benzyl or 
phenyl l7 alpha-alkanoyloxy-l6 alpha-methyl-3-oxoan 
drosta-l,4-diene 17 beta-thiocarboxylates of this inven 
tion which are substituted with hydrogen, ?uoro or 
chloro at the 6 alpha-position; with fluoro, chloro, 
bromo or hydrogen at the 9 alpha-position; and 11 beta 
hydroxy or 11 beta-chloro when there is a chloro at 9 
alpha. 
A. Preparation of methyl 6 alpha,9 alpha-di?uoro-ll 

beta-hydroxy-16 alpha-methyl-3-oxo-17-propionylox 
yandrosta-l,4-diene l7 beta-thiocarboxylate. 

Six hundred (600) mg of 6 alpha,9 alpha-di?uoro-ll 
beta-hydroxy-l6 alpha-methyl-3-oxo-l7-propionylox 
yandrosta-l,4-diene l7 beta-carboxylic acid, prepared in 
the manner set forth in Preparation LA, are mixed with 
8 ml THF and 0.2 ml triethylamine (TEA) in a suitable 
reaction vessel and stirred at room temperature under 
N2. Thereafter, 0.24 g of diethyl chlorophosphate 
(DCP: (C2H5O)2P(O)Cl) in 8 ml THF is added over 13 
minutes. Stirring is continued for about 6 hours (pH 6). 
Then, 0.04 ml TEA is added followed by 0.05 gm DCP 
in 3 ml THF. Stirring is continued for another 17.5 
hours. The resulting precipitate is ?ltered, washed with 
10 ml THF and the ?ltrates are combined. To the ?l 
trate are then added 2.05 ml of a solution prepared 
previously which consists of 20 ml dimethylformamide 
(DMF), 0.758 g 75% sodium hydride and 0.86 g (1 ml) 
methylsul?de. The resulting reaction mixture of the 
?ltrates and the DMF solution is stirred for about 5.5 
hours whereupon an additional 1 ml of the DMF solu 
tion is added and stirring is continued for another 1.5 
hours. 
The reaction mixture is then poured into 200 ml of 

ethyl acetate (EtOAc) which, in turn, is washed twice 
with 200 ml portions of water, washed with brine, dried 
for about 15 hours over sodium sulfate and ?ltered. The 
solvents are then removed under reduced pressure 
using a rotary evaporator to give 235 mg of residue 
which is recrystallized from acetone/hexane to give 
54.3 mg of methyl 6 alpha,9 alpha-di?uoro-ll beta 
hydroxy-l6 alpha-methyl-l7 alpha-propionyloxyan 
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drosta-l,4-diene 17 beta-thiocarboxylate, 
305°—308° C. (with decomposition). 

B. By following in principle the procedure of Part A 
of this example but substituting other sul?des such as 
ethyl sul?de, isopropyl sul?de, n-butyl sul?de, phenyl 
sul?de, or benzyl sul?de for methyl sul?de other com 
pounds of this invention are prepared, namely 
ethyl 6 ‘alpha,9 alpha-difluoro-ll beta-hydroxy-16 al 

pha-methyl-3-oxo-l7 alpha-propionyloxyandrosta 
1,4-diene 17 beta-thiocarboxylate, m.p. 300° C. (with 
decomposition); 

isopropyl 6 alpha,9 alpha-difluoro-ll beta-hydroxy-l6 
alpha-methyl-3-oxo-l7 alpha-propionyloxyandrosta 
1,4-diene l7 beta-thiocarboxylate, m.p. 286°~289° C.; 

n-butyl 6 alpha,9 alpha-difluoro-ll beta-hydroxy-l6 
alpha-methyl-S-oxo- l 7 alpha-propionyloxyandrosta 
1,4-diene l7 beta-thiocarboxylate, m.p. 247°~250° C.; 

phenyl 6 alpha,9 alpha-difluoro-ll beta-hydroxy-16 
alpha-methyl~3-oxo-l7 alpha-propionyloxyandrosta 
1,4-diene 17 beta-thiocarboxylate, m.p. 28l°—283° C. 
(with decomposition); 

benzyl 6 alpha,9 alpha-di?uoro-ll beta-hydroxy-l6 
alpha~methyl-3-oxo-l7 alpha-propionyloxyandrosta 
1,4-diene 17 beta-thiocarboxylate, m.p. 246°-248° C. 
C. By following in principle the process of Part A of 

this example, but substituting other appropriate steroids 
for 6 alpha,9 alpha-di?uoro-ll beta-hydroxy-16 alpha 
methy1-3-oxo- l7-propionyloxyandrosta‘1,4-diene l7 
beta-carboxylic acid and other appropriate alkyl, 
phenyl or benzyl sul?des for methyl sul?de, other com 
pounds of this invention are obtained such as 
methyl 9 alpha,ll beta-dichloro-6 alpha-fluoro-l6 al 

pha-methyl-3-oxo-l7 alpha-propionyloxyandrosta 
1,4-diene l7 beta-thiocarboxylate; 

methyl _9 alpha~chloro~6 alpha-fluoro—ll beta-hydroxy 
l6 alpha-methyl-3-oxo-l7 alpha-propionyloxyandros 
ta-l,4-diene 17 beta-thiocarboxylate; 

ethyl 9 alpha-bromo-6 alpha-fluoro-ll beta-hydroxy-l6 
alpha-methyl-3-oxo- l 7 alpha-propionyloxyandrosta 
1,4-diene l7 beta-thiocarboxylate; 

methyl 17 alpha-acetoxy 9 alpha,ll beta-dichloro-l6 
alpha-methyl-3-oxoandrosta-1,4-diene 17 beta-thi 
ocarboxylate; 

methyl ll beta-hydroxy-l6 alpha-methyl-3-oxo-l7 al 
pha-propionyloxyandrosta-1,4-diene l7 beta-thiocar 
boxylate; 

isopropyl 17 alpha-acetoxy-9 alpha-chloro-ll beta 
hydroxy-16 alpha-methyl-3-oxoandrosta-1,4-diene l7 
beta-thiocarboxylate; 

methyl-l7 alpha-butyryloxy-9 alpha-fluoro-ll beta 
hydroxy-l6 alpha-methyl-3-oxoandrosta-1,4-diene 17 
beta-thiocarboxylate; 

methyl 6 alpha~fluoro~ll beta-hydroxy-l6 alpha-meth 
yl-3-oxo-l7 alpha-propionyloxyandrosta-1,4-diene 17 
beta-thiocarboxylate; 

methyl 6 alpha-chloro,9 alpha-?uoro-ll beta-hydroxy 
l6 alpha-methyl-3-oxo-l7 alpha-propionyloxyandros 
ta-l,4-diene l7 beta'thiocarboxylate. 

EXAMPLE 2 

A process is set forth for preparing alkyl, benzyl or 
phenyl 17 alpha-hydroxy-16 alpha-methyl-3-oxoandros 
ta-l,4-diene 17 beta-thiocarboxylates of this invention 
which are substituted at the 6 alpha-position with 
fluoro, chloro or hydrogen; at the 9 alpha-position with 
hydrogen, fluoro, chloro or bromo; and at the 11 beta 
position with hydroxy or also chloro when there is a 9 
alpha-chloro. 

mp. 
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A. Preparation of ethyl 6 alpha,9 alpha-di?uoro-ll 

beta,l7 alpha-dihydroxy-l6 alpha-methyl-3—oxoandros~ 
ta-l,4-diene l7 beta-thiocarboxylate. 
One hundred ?ve (105) mg of 6 alpha,9 alpha 

difluoro-ll beta,l7 alpha-dihydroxy-l6 alpha-methyl-3 
oxoandrosta-l,4-diene l7 beta-carboxylic acid are dis 
solved in 7 ml DMF and cooled to -— 10° C. Eighty (80) 
mg carbonyl diimidazole (CDI) are dissolved in 30 ml 
DMF, and this solution is added to the DMF/acid solu 
tion under a nitrogen blanket. The resulting mixture is 
stirred for about 18 hours at -—5° C., and about 0.2 ml 
ethyl sul?de (EtSH) is added thereto. The reaction is 
stirred at —5° C. for an additional 16 hours. The reac 
tion mixture is stored in the freezer for 2 weeks, the 
solvents removed under reduced pressure. 
The residue is applied to a l meter><().75 TLC plate 

and developed twice with a mixture of 10% aceto 
ne/ 90% benzene. After recovery, the material is recrys 
tallized from acetone/hexane to give 47 mg of ethyl 6 
alpha,9 alpha-difluoro-ll beta,l7 alpha-dihydroxy~l6 
alpha-methyl-3~oxoandrosta-1,4-diene 17 beta-thiocar 
boxylate, m.p. 235°~239° C. (with decomposition). 

B. Similarly, by following in principle the process of 
Part A of this example but substituting other alkyl, 
phenyl or benzyl sul?des for ethyl sul?de, other com 
pounds of this invention such as 
methyl 6 alpha,9 alpha-difluoro-ll beta,l7 alpha-dihy 

droxy-l6 alpha-methyl-3-oxoandrosta-1,4-diene l7 
beta-thiocarboxylate; 

n-hexyl 6 alpha,9 alpha-di?uoro~ll beta,l7 alpha-dihy 
droxy-l6 alpha-methyl-3-oxoandrosta-1,4-diene 17 
beta-thiocarboxylate; 

phenyl 6 alpha,9 alpha-difluoro-ll beta,l7 alpha-dilly 
droxy- l 6 alpha~methyl-3-oxoandrosta-1,4~diene 17 
beta-thiocarboxylate; 

benzyl 6 alpha,9 alpha-difluoro-ll beta,l7 alpha-dihy 
droxy-l6 alpha-methyl-3-oxoandrosta-1,4-diene l7 
beta~thiocarboxylate; and the like. 
C. Similarly, by following in principle the process of 

Part A or Part B but substituting other appropriate 17 
beta-carboxylic acid prepared in the manner set forth in 
Preparation 1 for 6 alpha,9 alpha-difluoro-ll beta,l7 
alpha-dihydroxy-l6 alpha-methyl-3-oxoandrosta-1,4 
diene l7 beta-carboxylic acid, other compounds of this 
invention are obtained such as 
methyl 6 alpha-fluoro-ll beta,l7 alpha-dihydroxy-l6 

alpha-methyl-3-oxoandrosta-1,4-diene 17 beta-thi 
ocarboxylate; 

methyl 9 alpha-fluoro-ll beta,l7 alpha-dihydroxy-l6 
alpha-methyl-3-oxoandrosta-1,4-diene l7 beta-thi 
ocarboxylate; 

methyl 6 alpha-fluoro-9 alpha,ll beta-dichloro-l7 al 
pha-hyd1'oxy-16 alpha-methyl~3-oxoandrosta-1,4 
diene 17 beta-thiocarboxylate; 

methyl 17 alpha-acetoxy-6 alpha, 9 alpha-difluoro-ll 
beta-hydroxy-l6 alpha-methylandrosta-1,4-diene l7 
beta-thiocarboxylate; and the like. 

EXAMPLE 3 

By following in principle the procedures set forth in 
Examples l-Z but substituting the corresponding 16 
beta-methyl steroid starting material for the 16 alpha 
methyl steroid starting material, the corresponding 16 
beta-methyl steroids of this invention are obtained such 
as methyl 6 alpha, 9 alpha-di?uoro-ll beta,l7 alpha 
dihydroxy-16 beta-methyl-3-oxoandrosta-1,4-cliene l7 
beta-thiocarboxylate and the corresponding 17 alpha 
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alkanoyloxyderivatives along withother alkyl, phenyl 
or benzyl l7 beta-thiocarboxylates. - ‘ " ' 

EXAMPLE 4 

By following in principle the procedures set forth in 5 
Examples 1-2 but substituting the corresponding 16 
unsubstituted steroid starting material for the 16 alpha 
methyl steroid starting material, the corresponding 16 
unsubstituted steroids of this invention are obtained, 
such as methyl 6 alpha,9 alpha-di?uoro-ll beta,l7 al 
pha-dihydroxy-3-oxoandrosta-1,4-diene 17 beta-thi 
ocarboxylate and other corresponding alkyl, phenyl or 
benzyl l7 beta-thiocarboxylates as well'as the l7-alpha-‘ 
alkanoyloxy derivatives. 

EXAMPLE 5 
A process is set forth for preparing alkyl, benzyl or 

phenyl l6 alpha, 17 alpha-isopropylidenedioxy-3 
oxoandrosta-l,4-diene 17 beta-thiocarboxylates of this 
invention which are substituted with hydrogen, fluoro 
or chloro at the 6 alpha-position; with hydrogen, ?uoro, 
chloro or bromo at the 9 alpha-position; and with hy 
droxy at the 11 beta-position or also chloro at the 11 
beta-position when there is a chloro at the 9 alpha-posi 
tion. 

' A. Preparation of methyl 6 alpha, 9 alpha-difluoro-ll 
beta-hydroxy-16 alpha, 17v alpha-isopropylidenedioxy 
3-oxoandrosta-l,4-diene 17 beta-thiocarboxylate. 

Six hundred (600) mg of 6 alpha-di?uoro-ll beta 
hydroxy-l6 alpha, 17 alpha, isopropylidenedioxy-3 
oxoandrosta-lA-diene 17 beta-carboxylic acid (pre-‘ 
pared in the manner described in Preparation 2, Part A) 
are mixed with 8 ml/T HF and 0.21 ml TEA and stirred 
under nitrogen [at room temperature. Three-tenths (0.3) 
of ,a ml of DCPv in 11 ml THF is added to the steroid 
mixture over 6 minutes and the mixture is stirred at 
room temperature for about 17 hours, at which point, 5 
dropsof neat DCP are added. Stirring is continued for 
another 3.5, hours after which the precipitate in the 
reaction mixture is ?ltered and washed with 10 ml of 
THF. The ?ltrates are combined, and 3.15 ml of the 
solution of the methyl sul?de, sodium hydride, DMF as 
prepared in Example 1 is added thereto. The resulting 
mixture is?stirred at room temperature‘under nitrogen 
for about 3.5. hours then pouredinto 300 vm1 of EtOAc 
which is then washed twice with 250 ml portions of 
water. Theaqueous washesare extracted with 150 ml 
EtOAc, and the EtOAc solutions are combined, washed 
with brine and dried over sodium sulfate for about 15 
hours in a refrigerator. The solvents are removed under 
reduced pressure by rotary evaporator to yield 546 mg 
of material which is recrystallized from acetone to give 
309 mg of methyl 6 alpha, 9 alpha-di?uoro-ll beta 
hydroxy-l6 alpha, 17 alpha-isopropylidenedioxy-3 
oxoandrosta-1,4-diene .17 beta-thiocarboxylate, mp 
299°—30l° C. (with decomposition); 

B. Similarly, by substituting other alkyl, phenyl or 
benzyl sul?des for methyl sul?de, and following in 
principle the process of .Part A of this example, other 
compounds of this invention are prepared, such as 
ethyl 6 alpha, 9 alpha-difluoro-ll beta-hydroxy-l6 al 

pha, l7 alpha-isopropylidenedioxy-3-oxoandrosta 
1,4-diene 17 beta thiocarboxylate; 

isopropyl 6 alpha, 9 alpha-di?uoro-ll beta-hydroxy-l6 
alpha, l7 alpha-isopropylidenedioxy-3-oxoandrosta 
1,4-diene 17 beta thiocarboxylate; 
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14 
n-butyl 6 alpha, 9'alpha-di?uoro-ll beta-hydroxy-16} 

alpha, 17 alpha-isopropylidenedioxy-3-oxoandrosta 
1,4-diene 17 beta thiocarboxylate; 

n-hexyl 6 alpha, 9 alpha-di?uoro-ll beta-hydroxy-l6 
alpha, l7 alpha-isopropylidenedioxy-3-oxoandrosta 
.-1,4-diene 17 beta thiocarboxylate; 

phenyl 6 alpha, 9 alpha-di?uoro-ll beta-hydroxy-l6 
alpha, l7 alpha-isopropylidenedioxy-3-oxoandrosta 
1,4-diene 17 beta thiocarboxylate; 

benzyl 6 alpha, 9 alpha-difluoro-ll beta-hydroxy-l6 
alpha, 17 alpha-isopropylidenedioxy-3-oxoandrosta 
l,4~diene 17 beta thiocarboxylate; and the like. 
,C. Similarly by following in principle the procedure 

of Parts A and B of this example, but substituting other 
17 beta-carboxylic acids prepared in the manner set 
forth in ‘Preparationv 2 for 6 alpha, 9 alpha-di?uoro-ll 
beta-hydroxy-l6 alpha, l7 alpha—isopropylidenedioxy 
3-oxoandrosta-l,4-diene 17 beta-carboxylic acid, other 
compounds of this invention are prepared, such as 
methyl 6 alpha-?uoro-ll beta hydroxy-l6 alpha, l7 

alpha-isopropylidenedioxy-3-oxoandrosta-1,4-diene 
l7 beta-thiocarboxylate; 

methyl 9 alpha ?uoro-ll beta hydroxy-l6 alpha, l7 
alpha-isopropylidenedioxy-3-oxoandrosta- 1,4#diene 
l7 beta-thiocarboxylate; 

methyl 9 alpha chloro-ll beta hydroxy-l6 alpha, l7 
alpha-isopropylidenedioxy-3-oxoandrosta-1,4-diene 
17 beta-thiocarboxylate; , 

methyl 9 alpha chloro-6 alpha-fluoro-ll beta hydroxy 
16 alpha, l7 alpha-isopropylidenedioxy-3-oxoandros 
ta-l,4-diene l7 beta-thiocarboxylate; 

methyl 9 alpha bromo-6 alpha-fluoro-ll beta hydroxy 
16 alpha, l7 alpha-isopropylidenedioxy-3-oxoandros 
ta-1,4-diene 17 beta-thiocarboxylate; 

methyl 9 alpha, 11 beta-dichloro-6 alpha-?uoro-l6 al 
pha, l7 alpha-isopropylidenedioxy-3-oxoandrosta 
1,4-diene 17 beta-thiocarboxylate; . 

n-butyl‘ 9 alpha,1l beta-dich1oro-6 alpha-?uoro-l6 al— 
pha, 17 alpha-isopropylidenedioxy-3-oxoandrosta 
1,4-diene 17 beta-thiocarboxylate; 

phenyl 9 alpha, ll beta~dichloro-6 alpha-?uoro-l6 al 
pha, l7 alpha-isopropylidenedioxy-3-oxoandrosta 
1,4-diene l7 beta-thiocarboxylate; ' 

benzyl 9 alpha, ll beta-dichloro-6 alpha-?uoro-l6 al 
pha, 17 alpha-isopropylidenedioxy-3-oxoandrosta 
1,4-diene 17 beta-thiocarboxylate; and the like. 

EXAMPLE 6 

This example sets forth a process for preparing an 
ll-keto compound of this invention by oxidizing any of 
the’ 11 beta-hydroxy steroids set forth in Preparations 
1-2 and converting the so-obtained compound to the 17 
beta-thiocarboxylate according to the process of Exam 
ples 1-5. 
One g of 6 alpha,9 alpha-di?uoro-ll beta,17 alpha 

dihydroxy-l6 alpha-methyl-3-oxoandrosta-1,4-diene-l7 
beta-carboxylic acid is dissolved- in 50 ml of acetone and 
treated at room temperature with Jone’s reagent (chro 
mic anhydride in dilute sulfuric acid) dropwise until 
TLC indicates the absence of starting material. The 
mixture is treated with ?ve drops of isopropyl alcohol 
to destroy any excess of reagent, then diluted with 50 ml 
of ‘water and the mixture concentrated under vacuum 
under reduced pressure to give va crystalline material, 
namely 6 alpha,9 alpha-difluoro-17 alpha-hydroxy-l6 
alpha-methyl-3,1 l-dioxoandrosta-1,4-diene-l7 beta-car 
boxylic acid. This compound, in turn, is reacted accord 
ing to the process of Example 2 to give methyl 6 alpha, 
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9 alpha-di?uoro-l7 alpha-hydroxy-l1-keto-l6 alpha 
methyl-3—oxoandrosta-1,4-diene l7 beta-thiocarboxy 
late. 

EXAMPLE 7 5 

This example sets forth a process for converting an 
androsta-l,4-diene of this invention to the correspond 
ing androst-4-ene. 
To a solution of 25 mg of tris-(tripheny1phosphine) 

chlororhodium in 7 ml of benzene and 15 ml of ethanol, 
244 mg methyl 6 alpha,9 alpha-difluoro-ll beta,l7 al 
pha-dihydroxy-16 alpha-methyl-3-oxoandr0sta-1,4 
diene l7-thiocarboxylate are added and the resulting 
solution is stirred under hydrogen at room temperature 
at atmospheric pressure. After hydrogen uptake is com 
plete the solution is evaporated to dryness and the resi 
due is taken up in a mixture of petroleum ether and 
methylene chloride. The pure product is isolated by 
column chromatography on silica gel to give methyl 6 
alpha,9 alpha-difluoro-ll beta,l7 alpha-dihydr0xy-16 
alpha-methyl~3-oxoandrost-4-ene 17 beta-thiocarboxy 
late. Similarly, by substituting other androsta-1,4-dienes 
of this ‘invention made according to examples l-6 for 
the compound used above in this example, other corre 
sponding androsta-4-enes of the invention are prepared. 
The subject matter claimed is: 
1. A compound chosen from those represented by the 

formula 

20 

25 

30 

(I) 

35 

0/) 
40 

wherein 
X1 is hydrogen, ?uoro or chloro; 
X2 is hydrogen, ?uoro, chloro or bromo; 45 
X3 is :CZD or 

OH C] 

of 1 b c = or may a so e = ‘ 

‘~ 50 
\H "H 

when X2 is chloro; 
R is alkyl of 1 through 6 carbon atoms or is phenyl or 

benzyl optionally substituted with one substituent 
on the phenyl ring chosen from the group consist 
ing of alkyl of 1 through 4 carbon atoms, alkoxy of 
1 through 4 carbon atoms and halo; 

R1 is hydrogen or alkanoyl of 2 through 6 carbon 
atom when R2 is hydrogen, alpha-methyl or beta 
methyl; 

OR1 and R2 together are 16 alpha, l7 alpha-iso 
propylidenedioxy; and there is a double or a single 
bond between C-1 and C-2. 

2. The compound of claim 1 wherein R2 is alpha 
methyl. 

3. The compound of claim 2 wherein R is alkyl of 1 
through 6 carbon atoms, phenyl or benzyl and R1 is 

55 

60 
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alkanoyl of 2 through 6 carbon atoms; X1 is ?uoro or 
hydrogen; X2 is hydrogen, fluoro or chloro; and X3 is 

OH Cl 

or may also be =C‘ 
\ 

‘H ‘H 

when X2 is chloro. 
4. The compound of claim 3 wherein R is alkyl of 1 or 

2 carbon atoms. 
5. The compound of claim 4 wherein R is methyl; X1 

is ?uoro; X2 is ?uoro or chloro; and X3 is 

OH Cl 
/ 

=q or may also be =C, . 
\ ‘s 
H H 

when X1 is chloro. 
6. The compound of claim 5 wherein X1 and X2 are 

?uoro and X3 is 

OH 

7. The compound of claim 6 wherein the bond be 
tween C-1 and G2 is a double bond, X1 and X2 are both 
fluoro, R is methyl and R1 is hydrogen, namely methyl 
6 alpha,9 alpha-difluoro-ll beta,l7 alpha-dihydroxy-16 
alpha-methyl-3-oxoandrosta-1,4-diene l7 beta-thiocar 
boxylate. 

8. The compound of claim 6 wherein the bond be 
tween C-1 and 02 is a double bond, X1 and X2 are both 
?uoro, X3 is 

R is methyl and R1 is propionyl, namely methyl 6 al 
pha,9alpha-difluoro-1l betahydroxy-16 alpha~methyl-3 
oxo-l7 alpha-propionyloxyandrosta-1,4-diene 17 beta-i 
thiocarboxylate. 

9. The compound of claim 4 wherein X1 and X2 are 
both ?uoro, X3 is 

OH 

R is ethyl and R1 is hydrogen, namely ethyl 6 alpha, 9 
alpha-difluoro-ll beta, 17 alpha-dihydroxy-l6 alpha 
methyl-3-oxoandrosta-1,4-diene 17 beta-thiocarboxy 
late. 

10. The compound of claim 4 wherein X1 and X2 are 
both fluoro, X3 is 
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R is isopropyl and R! is propionyl, namely ethyl 6 alpha, 
9 alpha-difluoro-ll . beta-hydroxy-l6 :‘alpha-methyl-3 
oxo-17 alpha-propionyloxyandrosta-l,4-diene 17 beta 
thiocarboxylate. ' Y - - 

11. The compound of claim 3 wherein X1 and X2 are 9 

R is isopropyl and R1 is propionyl, namely isopropyl 6 
alpha, 9 alpha-difluoro-ll beta-hydroxy-l6 alpha-meth 
yl-3-oxo-l7 alpha-propionyloxyandrosta-1,4-diene 17 
beta-thiocarboxylate. 

12. The compound of claim 3 wherein X1 and X2 are 
both ?uoro, X3 is 

R is n-butyl and R1' is propionyl, namely n-butyl 6 alpha, 
9 alpha-difluoro-ll beta-hydroxy-l6 alpha-methyl-3 
oxo-l7 alpha-propionyloxyandrosta-1,4-diene 17 beta 
thiocarboxylate. ' 

13. The compound of claim 3 wherein X1 and X2 are 
both ?uoro, X3 is 

R is phenyl and R1 is propionyl, namely phenyl 6 alpha, 
9 alpha-di?uoro-ll beta-hydroxy-l6 alpha-methyl-3 
oxo-l7 alpha-propionyloxyandrosta-1,4-diene 17 beta 
thiocarboxylate. 

14. The compound of claim 3 wherein X1 and X2 are 
both ?uoro, X3 is 

R is benzyl and R1 is propionyl, namely benzyl 6 alpha, 
9 alpha-di?uoro-ll beta~hydroxy-l.6 alpha-methy1-3 
oxo-l7 alpha-propionyloxyandrosta-1,4-diene 17 beta 
thiocarboxylate. 

15. The compound of claim 5 wherein X2 is chloro 
and X3 is 

16. The compound of claim 15 wherein the bond 
between C-1 and C-2 is a double bond, R is methyl and 
R1 is propionyl, namely methyl 9 alpha, 11 beta 
dichloro-6 alpha-?uoro-l6 alpha-methyl-S-oxo 17 al 
pha-propionyloxyandrosta-1,4-diene l7 beta-thiocar 
boxylate. 

17. A compound of claim 1 wherein 
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. R is alkyl of one through six carbon atoms, benzyl or 

phenyl; 
OR1 and R2 together are 16 alpha, l7 alpha—isopropyli 

denedioxy; 
X1 is ?uoro; 
X2 is hydrogen, fluoro or chloro; and > 
X3 is ' 

01-! Cl 

=0‘ vor may also be =Cs 

when X2 is chloro. ' v 

18. A compound of claim 17 wherein R is methyl or 
ethyl. - I 

19. A compound of claim 18 wherein R is methyl and 
X2 is ?uoro or chloro. ‘ 

20. A compound of claim 19 wherein there is a double 
bond between C-1 and 02, X2 is ?uoro and X3 is 

OH 

namely methyl 6 alpha,9 alpha-di?uoro-ll beta hy 
droxy-l6 alpha,l7 alpha-isopropylidenedioxyandrosta- _ 
1,4-diene 17 beta-thiocarboxylate. _ 

21. A compound of claim 19 wherein there is a double. 
bond between 0-1 and C-2, X2 is chloro and X3 is 

01 

~ 7 

‘H 

namely methyl 9 alpha,ll beta-dichloro-6 alpha ?uoro 
16 alpha,'l7 alpha-isopropylidenedioxy-3-oxoandrosta 
1,4-diene l7 beta-thiocarboxylate. 

22. An anti-in?ammatory pharmaceutical composi 
tion which comprises a suitable pharmaceutical excipi 
ent in combination with the compound of claim 1 in an 
amount sufficient to effect an anti-in?ammatory re 
sponse when’ administered to a mammal having need 
thereof. 

23. An anti-in?ammatory pharmaceutical composi 
tion which comprises a suitable pharmaceutical excipi 
ent in combination with the compound of claim 2 in an 
amount sufficient to effect an anti-in?ammatory re 
sponse when administered to a mammal having need 
thereof. 

24. An anti-in?ammatory pharmaceutical composi 
tion which comprises a suitable pharmaceutical excipi 
ent in combination with the compound of claim 3 in an 
amount suf?cient to effect an anti-in?ammatory re 
sponse when administered to a mammal having need 
thereof. 

25. An anti-in?ammatory pharmaceutical composi 
tion which comprises a suitable pharmaceutical excipi 
ent in combination with the compound of claim 4 in an 
amount sufficient-to effect an anti-in?ammatory re 
sponse when administered to a mammal having need 
thereof. 3 

26. An anti-in?ammatory pharmaceutical composi 
tion which comprises a suitable pharmaceutical excipi 
ent in combination with the compound of claim 5 in an 
amount sufficient to effect an anti-in?ammatory re 
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sponse when administered to a mammal having need 
thereof. 

27. An anti-inflammatory pharmaceutical composi 
tion which comprises a suitable pharmaceutical excipi 
ent in combination with the compound of claim 17 in an 
amount sufficient to effect an anti-in?ammatory re 
sponse when administered to a mammal having need 
thereof. . 

28. An anti-in?ammatory pharmaceutical composi 
tion which comprises a suitable pharmaceutical excipi 
ent in combination with the compound of claim 18 in an 
amount sufficient to effect an anti-in?ammatory re 
sponse when administered to a mammal having need 
thereof. 

29. A method for treating an in?amed condition in a 
mammal which comprises administering the compound 
of claim 1 to said mammal in an amount suf?cient to 
effect an anti-inflammatory response in said mammal. 

30. A method for treating an in?amed condition in a 
mammal which comprises administering the compound 
of claim 2 to said mammal in an amount suf?cient to 
effect an anti-inflammatory response in said mammal. 

31. A method for treating an in?amed condition in a 
mammal which comprises administering the compound 
of claim 3 to said mammal in an amount sufficient to 
effect an anti~inflammatory response in said mammal. 

32. A method for treating an in?amed condition in a 
mammal which comprises administering the compound 
of claim 4 to said mammal in an amount suf?cient to 
effect an anti-in?ammatory response in said mammal. 

33. A method for treating an in?amed condition in a 
mammal which comprises administering the compound 
of claim 5 to said mammal in an amount sufficient to 
effect an anti-in?ammatory response in said mammal. 

34. A_ method for treating an in?amed condition in a 
mammal which comprises administering the compound 
of claim 17 to said mammal in an amount sufficient to 
effect an anti-in?ammatory response in said mammal. 

35. A method for treating an inflamed condition in a 
mammal which comprises administering the compound 
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of claim 18 to said mammal in an amount sufficient to 
effect an anti-in?ammatory response in said mammal. 

36. The compound of claim 6 wherein the bond be 
tween C-1 and O2 is a double bond, R is methyl and R1 
is 

namely methyl l7 alpha-acetoxy~6 a1pha,9 alpha 
difluoro-l l-beta-hydroxy-l6 alpha-methylandrosta-l,4~ 
diene 17 beta-.thiocarboxylate. 

37. The compound of claim 18 wherein X1 and X2 are 
both‘ ?uoro, X3 is 

OH 

and R is ethyl, namely ethyl 6 alpha, 9 alpha-di?uoro-ll 
beta-hydroxy-l6 alpha, 1 7 alpha-isopropylidenedioxyan 
drosta-l,4-diene 17 beta-thiocarboxylate. 

38. The compound of claim 1 wherein R2 is beta 
methyl. 

39. The compound of claim 1 wherein X1 and X2 are 
each independently hydrogen or fluoro, R is methyl and 
R1 is alkanoyl of 2-6 carbon atoms. 

40. An anti-inflammatory pharmaceutical composi 
tion which comprises a suitable pharmaceutical excipi 
ent in combination with the compound of claim 38 in an 
amount sufficient to effect an anti~inflammatory re 
sponse when administered to a mammal having need 
thereof. 

41. A method for treating an in?amed condition in a 
mammal which comprises administering the compound 
of claim 38 to said mammal in an amount sufficient to 
effect an anti-in?ammatory response in said mammal. 
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